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(August 2, 2018)
Kent’s conclusion that “non-contextual hidden variable
theories cannot be excluded by theoretical arguments of the
Kochen-Specker type once the imprecision in real world ex-
periments is taken into account” [Phys. Rev. Lett. 83, 3755
(1999)], is criticized. The Kochen-Specker theorem just points
out that it is impossible even to conceive a hidden variable
model in which the outcomes of all measurements are pre-
determined; it does not matter if these measurements are per-
formed or not, or even if these measurements can be achieved
only with finite precision.
PACS numbers: 03.65.Bz, 03.67.Hk, 03.67.Lx
In a recent Letter [1], Kent generalizes a re-
sult advanced by Meyer [2], and concludes that:
(i) “Non-contextual hidden variable [NCHV] theories
cannot be excluded by theoretical arguments of the
K[ochen-]S[pecker] type [3–5] once the imprecision in real
world experiments is taken into account”. (ii) “This does
not (...) affect the situation regarding local hidden vari-
able [LHV] theories, which can be refuted by experiment,
modulo reasonable assumptions [6–8].”
In my view, the situation is the opposite: The KS theo-
rem holds, precisely because it is a theoretical argument
which deals with gedanken concepts such as ideal yes-
no questions. However, the empirical refutation of LHV
theories can be questioned precisely on the grounds of
the inevitable finiteness of the precision of real measure-
ments. Allow me to illustrate both points.
The KS theorem is a mathematical statement which
asserts that for a physical system described in quantum
mechanics (QM) by a Hilbert space of dimension greater
than or equal to three, it is possible to find a set of n pro-
jection operators, which represent yes-no questions about
an individual physical system, so that none of the 2n pos-
sible sets of “yes” or “no” answers is compatible with the
sum rule of QM for orthogonal resolutions of the identity
(i.e., if the sum of a subset of mutually orthogonal pro-
jection operators is the identity, one and only one of the
corresponding answers ought to be “yes”) [9]. The small-
est example currently known of such a set has only 18
yes-no questions (about a physical system described by a
four-dimensional Hilbert space) [10]. As far as I can see,
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the plain new result contained in [1] is the following: For
any physical system described by a finite Hilbert space, it
is always possible to construct a set of projection opera-
tors, which is dense in the set of all projection operators,
so that an assignation of “yes” or “no” answers is possi-
ble in a way compatible with the sum rule of QM. From
a mathematical point of view, it is clear that this new
result does not, by no means, nullify the KS theorem.
However, Kent affirms that this is so when one takes into
account that realistic physical measurements are always
of finite precision. Kent seems to assume that the KS
theorem concerns the results of a (counterfactual) set of
measurements, instead of (the plain non-existence of) a
set of yes-no questions with pre-determined answers. The
KS theorem just points out that it is impossible even to
conceive a hidden variable model in which the outcomes
of all measurements are pre-determined; it does not mat-
ter if these measurements are performed or not, or even if
these measurements can be achieved only with finite pre-
cision. The KS theorem assumes that any NCHV theory
is a classical theory, and since in classical physics there
is in principle no difficulty to conceive ideal (i.e., defined
with infinite precision) yes-no questions, then it is quite
legitimate to handle ideal yes-no questions when one is
trying to prove that such a theory does not even exist.
The only possible loophole in the KS theorem would
be caused by the nonexistence of some of the yes-no ques-
tions involved in any of its proofs. However, this loophole
would have very weird consequences. For instance, con-
sider a physical system described by a three-dimensional
real Hilbert space, and assume that the only yes-no ques-
tions with a real existence would be those represented
by projection operators defined by vectors with rational
components. This subset is dense in the set of yes-no
questions and admits an assignation of “yes” or “no” an-
swers compatible with the sum rule [2]. However, the
initial assumption is in conflict with the superposition
principle because some linear combinations of “legal” yes-
no questions would be illegal, since their normalization
would demand irrational components [11].
On the other hand, the finite precision measurement
problem matters in real experiments. It will affect any
real experiment based on the KS theorem [12], and indeed
affects the theoretical analysis of any real experiment to
refute LHV. In fact, real experiments like those of Aspect
et al. mentioned by Kent, admit LHV models [13]. These
models still work even assuming perfect efficiency of de-
tectors, but vanish when infinite precision of preparations
and (of all required) measurements is assumed.
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